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Reprinted from Tur Prysicar Revisw, Vol 87, No. 5. $03-904, September 1, 1952
Prizted In U. §. A,

Saturation Effect of Plastic Scirntillators*
C. N. CHou
Depariment of Physics, Universily of Chicago, Chicago. [Uinoss
(Received Jure 23, 1952)

IT is krown that for high energy losses the light output from
& scintillating fluor is not proportional to the energy loss of
the irradiating particle passing through it in the cases of organic
crystals!~ and liquids,* and to a smaller extent, in the case of
inorganic crystals.? Recently we made some measurements of this
saturation effect in plastic scintillstors and in phenyleyclohexane
solution ard in & Nal crystal making use of the negative pion
beam and the outside proton beam of the Chicago cyclotron. The
plastic samples were wrapped with 0.076-mm thick alum’nym
foil except for the end attached to a 5819 photomultiplier. Two
scintillators were placed parallel to each other and perpendicular
to the direction of the beam used. The output pulse of cne photo-
tube triggered the sweep of a synchroscope whose vertical plates
were connected to the cutput of the second tube. The cutput pulse
of the second tube was (a) observed visually and (b) recorded
photographically with a specially designed camera. The two sets
(a) acd (b) of observatiors agreed within experimental errors.
Absorbers of copper plates were placed between the scintillators
to obtain particles of various energies. Calibration readings with
Compton electrons of minimum jonization from the 1.3-Mev
v-rays of a Co® source were intermittently made during the run,
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Fi6. 1. Variatlsn of light output from the sciatillatera with arergy loss,
The orinate gives the pulse slze (ia arbitrary units) which {z proportiona!
1o the light output. The abselssa glves the energy foss In the seintiliators,
The acale in row (A) represents the energy o« in units of the 'oz3 at mini.
mum ‘onlzation. (B) relers 1o measurerents with a Co% socree. Row (C)
gives the energies of the plons in Mev corresponding to the energy losee:
represented in (A) and the scaie [n row (D) shows the proton erergies corre-
sponding to (A).

TasLe I, Pilse sizes (in the same ardbitrary units a= used in *ftq
from plastics irradiated with Co# and Po socrces.

;E—
Pulse slze  Pulse size Ratiff o¥plsc
Plastic cheerved  cbserved elze with Co¥
selntil- with Ca®? with Po o
lator Specifications source £0U ICe W
rd
Al 2‘77 anthracene in 0.89 0.50 b?,,
polystyrene -
A2 3% an{?.raee.ne in 0.86 ~ 0.5¢ QJ{
ool e
A3 5% anthracens in 0.97 0.53 0.55
po:ystyreng
Bz 2‘7f p-terphenyl in 1.65 0.52 0.50
poiyst De
c2 2‘7’:yp-¥$ph=n_vl .82 042 0.54
+0.039% dipbeny!-
hexatriepe in
poiystyrene
C3 4%, p-terpheayi 2.0% 1.08 0.51
+0.03¢% ciphenyl-
hexatrieze in
polystyrene

Figure 1 shows the veriation of the light output from the scin-
tillators e¢ energy loss. Tke phenylcyclohexane solution (con-
taining 0.3 percent p-terphenyl and 0.001 percent diphenyl-
hexatriene) was 3.4 cm in diameter and 3.4 c¢m in length. Tke
Nal (Tl activated) crystal was 1.28-in. high, 2.23-in. wide and
0.5 in. in thickness. All the plastic samples were I-In. square and
S-mm thick. The path length of the mesons and protens through
the plastics was 0.5 mm. The specificatiors of the various plastics
and the results obtained with the Co® source and with tke 5.3-Mev
a-particles from a Po source are given in Table I.

We can make the following remarks concerning the experi-
mentel results shown in Fig. 1 and in Table I. Since it is known
that in the case of small specimers being irradiated with electrons,!
NaI(Tl) gives linear response at energy losses well beyond the
range covered by the present experiment, the apparent devistion
from linear response sbove about 4 times minimum fonization
loss, as demonstrated in Fig. 1, {3 most probably due to the
inhorzogeneity of the proton beam and its stiaggling in passing
through the copper absorbers and the geometrical arrangement
adopted here. It {a to be noted that the p-terpheny! in polystyrcne
plastic gives a reasonably linear response up to about 3 times
minimum fenization less, and the anthracene In polystyrene gives
linear response up to at least 4 times minimum loss, The variation
in concentration from 2-5 percent in the case of anthracene in
polystyrene and from 2-4 percent in the case of p-terphenyl in
polystyrere have within the experimental errors no significant
effect cn the saturation of these two seintillators, Also the addition
of a small amount of diphenylhexatriene in the p-terphenyl in
polyatyrene did rot show definite remarkable influence on the
saturation effect observed. The results of Fig. 1 seem to indicate
quite clearly that the plastic scintillatora show less saturation than
the liquid phenylcyclohexane sulutivn. Table 1 shows that the
results of the a-particle measurements regarding saturation
support the corclusions drawn from the {nvestigations with the
mesons and protons.

The author wishes to express his sincere thanks to Professor
Marcei Schedn for the cordiai hospitality in the Cosmic Ray
Laboratory and for numerous valuable discussions and to Professor
H. L. Anderson and the cyclotron group for facilities concerning
the cyclotron measurements. He also thanks Theodore Bowen for
hie generous ke'p in connection with the cyclotron measurements.
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